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Executive functions (EFs) are higher-order cognitive 
functions that are associated with goal-directed 
behaviour. In adults, they are generally considered 
to be related yet separable constructs (Miyake et 
al., 2000). Recent psychometric evidence suggests 
that executive functions are unitary in children up 
to at least the age of 9 years (Brydges et al., 2012). 
 
The N2 peak of the event-related potential (ERP) 
has been associated with behavioural performance 
on psychometric tasks requiring cognitive control 
(van Veen & Carter, 2002), and the P3b peak has 
been associated with performance on working 
memory tasks (Polich et al., 1990). 
 
The aim of the current study was to test the 
hypothesis that ERP components of separate EFs 
are related to behavioural performance. Specifically, 
that the P3b peak associated with updating of 
working memory,  and the N2 peak associated with 
cognitive control, would  predict behavioural 
performance of EFs. 
Introduction 
The EEG was continuously recorded using an Easy-
CapTM. Electrodes were placed at 33 sites based on 
Easy-Cap montage 24. The EEG was amplified with a 
NuAmps 40-channel amplifier, and digitized at a 
sampling rate of 250 Hz. the ground lead was located 
at AFz and the right mastoid was set as reference. 
Offline, the EEG recording was digitally filtered with a 
1-30 Hz zero phase shift band-pass filter (12 dB down). 
Stimulus-locked epochs of -100 to 1000 ms were 
extracted and baseline corrected around the pre-
stimulus interval. Incorrect responses and epochs 
containing artefacts larger than 150 μV were excluded 
from the ERP average. 
 
Principal components analysis (PCA) with varimax 
rotation was used to determine the time window of 
the P3b  ERP peak. The first extracted component was 
584 – 648 ms, explaining 29.48% of the variance, and 
matching a visual inspection of the P3b ERP. This peak 
was maximal at Pz for both the incongruous and 
reversed conditions (see Figure 2).  The N2 peak was 
calculated by extracting difference waveforms from Fz, 
FCz, and Cz.  Mean amplitudes were extracted from Cz 
(the site of maximal amplitude) during 352 – 468 ms 
and 308 – 484 ms for the incongruous and reversed 
difference waveforms respectively. As no clear peaks 
could be identified for any variable, mean amplitudes 
only were calculated and analysed. 
Methods & Materials (cont.) 
The results show that the P3b ERP and N2 difference 
waveform are both predictive of executive 
functioning in children. Previous research has found 
associations between behavioural performance on 
working memory tasks and P3b ERP amplitude (Polich 
et al., 1990), and between behavioural performance 
on cognitive control tasks and N2 ERP amplitude 
(Krug & Carter, 2012; van Veen & Carter, 2002). The 
current study brings together this research with 
studies examining the structure of EFs in children 
(Brydges et al., 2012). 
 
It is worth noting that although specific EFs were 
indistinguishable from each other based on 
behavioural data, the differentiation of EFs that 
occurs after 9 years may be due to changes in the 
propagation of neural impulses  reflected in  the ERP 
indices that are distinguishable prior to this. A 
longitudinal study would be required to test this 
conclusively.  
Conclusions 
Figure 1. The six flanker stimuli used in the current experiment 
Figure 2. Stimulus-locked ERP waveforms and difference waveforms. 
Left column: Grand-averaged ERP in response to congruous (blue), 
incongruous (green), and reversed (red) stimuli with amplitude (μV) 
as the y-axis and time (ms) as the x-axis. Time 0 represents 
stimulus onset. Right column: Grand-averaged difference 
waveforms computed as the incongruous – congruous waveform 
(green) and reversed – congruous waveform (red) 
Participants were 215 typically developing children 
aged 7 years 1 month to 9 years 11 months (110 
male and 105 female, M = 8 years 4 months, SD = 1 
year 1 month).  
 
The executive function latent variable was created 
using performance on the Stroop task, 
Compatibility Reaction Time, WISC-IV Letter-
Number Sequencing , WISC-IV Backwards Digit 
Span, NEPSY Sentence Repetition, Wisconsin Card 
Sorting Test , BAS-II Verbal Fluency , and a Letter 
Monitoring task. These tasks were selected as they 
are commonly regarded as indicators of one of the 
three executive functions tested in the original 
Miyake et al. (2000) model. 
 
Participants also completed a modified visual 
flanker task whilst EEG data were recorded (see 
Figure 1). Participants were instructed to press a 
response button on a keyboard corresponding to 
the direction of the central fish. There were three 
conditions: in the congruent condition (.5 
probability), the five fish were green and all 
pointing in the same direction; an incongruent 
condition (.25 probability), where all the fish were 
also green, however, the flankers pointed in the 
opposite direction to the central target; and a 
reversed condition (.25 probability), in which the 
fish were congruent but were red, and required a 
response in the opposite direction to the central 
fish. A total of 352 trials were presented in two 
blocks. 
Methods & Materials 
Latent Variable Analysis 
Model fit statistics reported that the best model did 
not include a correlation between the P3b ERP and N2 
difference waveform factors (p = .10), and had very 
good model fit statistics (χ² = 47.96, df = 37, p = .11, 
CFI = .96, RMSEA = .037, SRMR = .049). An SEM of the 
two ERP factors as predictors of the executive 
function factor was conducted. Results showed that 
both the P3b ERP and N2 difference waveform factors 
were significant predictors of the executive function 
factor (p = .049 and p = .026 respectively; see Figure 
3). 
Results 
Figure 3. Structural equation model of the P3b ERP and N2 
difference waveform predicting executive functioning 
